Introduction {#sec1-1}
============

Vitiligo is an acquired cutaneous disorder that presents with gradual skin depigmentation produced by the deterioration of melanocyte functions. Several hypotheses have been proposed to explain the dysfunction and/or loss of melanocytes in the epidermis of vitiligo patients.\[[@CIT1][@CIT2]\] These include an autoimmune mechanism, an auto-cytotoxic mechanism, and an abnormality in the melanocytes or in the surrounding keratinocytes producing factors, necessary for the survival and function of melanocytes.\[[@CIT3]--[@CIT5]\] Until now, the pathogenesis of vitiligo remains partially understood and probably involves various combinations of diverse mechanisms. The nonclassic human leukocyte antigen (HLA) class I molecule HLA-G, expressed on extravillous cytotrophoblasts at the feto-maternal interface during pregnancy,\[[@CIT6][@CIT7]\] has been reported to play a role in mediating maternal tolerance of the fetal "semiallogeneic" graft.\[[@CIT8]\] This HLA-G antigen exhibits low polymorphism and can be expressed as both membrane-bound proteins (HLA-G1, HLA-G2, HLA-G3, HLA-G4) and soluble isoforms (HLA-G5, HLA-G6, HLA-G7).\[[@CIT9][@CIT10]\] The soluble isoforms HLA-G5 and HLA-G6 have been detected in the amniotic fluid and serum of pregnant women.\[[@CIT11][@CIT12]\] HLA-G expression was initially found to be restricted to the placenta. More recently, its expression has been detected in thymic epithelial cells,\[[@CIT13]\] various malignant cells,\[[@CIT14]--[@CIT16]\] and in peripheral blood monocytes, activated by IL-10.\[[@CIT17]\] HLA-G is known to inhibit the cytotoxic activity of T lymphocytes and natural killer cells (NK),\[[@CIT18][@CIT19]\] which are essential effector cells in a melanocyte attack.\[[@CIT20]\] The purpose of the present study is to examine HLA-G expression in the lesional skin of vitiligo patients and in the skin of healthy controls.

Materials and Methods {#sec1-2}
=====================

The study protocols and informed consent forms were approved by the Ethical Review Committee of the Medenine Hospital Centre (large area in the south of Tunisia). Informed consent was obtained from all participants. The patients and control subjects in the study were Tunisians. Unrelated patients with vitiligo (*n* = 22; 10 females; 12 males; age range 22-75 years) were included in the study. The mean age of vitiligo onset of the patients was 32.5 years and the mean duration of vitiligo was 16.5 years. Five patients had a family history of vitiligo. None of the patients included in the study had received any specific therapy in the previous three months. The clinical signs on which the diagnosis of vitiligo was based were characteristic loss of skin pigmentation with typical localization and white color on the skin lesions under Wood\'s lamp. The type of vitiligo was based on the extent of involvement and the distribution of pigmentation. The control group consisted of healthy volunteers (*n* = 24; 7 females; 17 males; age range 21 to 67 years) with no family history of vitiligo or other chronic dermatoses. One skin biopsy (Ø 3.5 mm) was obtained from each patient with vitiligo: One from the central part of the involved skin. Another skin biopsy (Ø 3.5 mm) was taken from the skin of healthy control subjects. All probands had skin phototype II (8 controls, 13 patients) or III (16 controls, 9 patients), Fitzpatrick classification. The biopsies were instantaneously stored at −80°C until further use.

Laboratory investigation {#sec2-1}
------------------------

Expression of the HLA-G molecule was analyzed by the immunohistochemical analysis of the cutaneous biopsy specimens. In addition to the biopsy specimens used for histopathological analysis and immunohistochemistry, control specimens were obtained from two human trophoblasts as a positive control. Monoclonal and polyclonal antibodies were used for the detection of HLA-G molecules in the biopsy specimens and serum of patients. monoclonal antibodies (mAbs) used were 87G IgG2a anti-HLA-G1 and -G5 (provided by D. Geraghty, Fred Hutchinson Cancer Research, Seattle, Washington), 4H84 IgG1 anti-denatured HLA-G heavy chain (provided by M. McMaster, University of California, San Francisco), and W6/32 IgG2a anti-HLA class I heavy chains associated with β2m (Sigma, Milwaukee, Wisconsin). An isotype-matched antibody (Sigma) was used as the control. A rabbit polyclonal antibody PAG5-6 generated against the C-terminal peptide of the HLA-G α-chain encoded by intron 4 sequences was used to specifically recognize the soluble forms HLA-G5 and HLA-G6.\[[@CIT21]\]

Histology and immunohistochemistry {#sec2-2}
----------------------------------

For histology, 4-μm-thick sections were obtained from each paraffin block and stained with hematoxylin and eosin. For immunohistochemical studies, 6-μm-thick sections of frozen tissues were fixed for 10 minutes in cold acetone, dehydrated, and permeabilized with saponine in phosphate buffered saline (PBS). Staining procedures were processed with the Dako Envision System (DAKO). Samples were incubated for 30 minutes in 50% human normal serum, in PBS, to eliminate nonspecific bindings. The samples were incubated with the following primary mAbs for 30 minutes: W6/32, 87G, 4H84 mAbs, and control antibody and followed by incubation with a secondary conjugated goat anti-mouse/antibody coupled with peroxidase (DAKO) for 30 minutes. After incubation for 10 minutes with a substrate, sections were counterstained with hematoxylin dye and mounted with antimounting medium (DAKO).

Statistical analysis {#sec2-3}
--------------------

Data are presented as mean ± SEM. The Student\'s *t* test was used, and a value of *P* \< 0.05 was considered significant.

Results {#sec1-3}
=======

Histopathology {#sec2-4}
--------------

For histology, 4-μm-thick sections were obtained from each paraffin block and stained with hematoxylin and eosin \[Figures [1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}\].

![Low magnification (10×) with Haematoxylin eosin, conservation of the basal layer, intense pigmentation and presence of melanin granules](IJD-55-25-g001){#F0001}

![Immunohistochemical analysis of HLA-G expression in cutaneous biopsy samples (a, b), trophoblast as positive control (c). Control antibody 87G detects HLA-G1 and HLA-G5 isoforms, and 4H84 detects the denatured form of HLA-G. a) Vitiliginous cutaneous biopsy specimen: positive staining with both 87G and 4H84; b) Control biopsy specimen: Negative staining with 87G and positive staining with 4H84; c) Trophoblast biopsy specimen: Positive staining with both 87G and 4H84.](IJD-55-25-g002){#F0002}

Expression of HLA-G in cutaneous biopsy specimens {#sec2-5}
-------------------------------------------------

Expression of HLA-G antigens in sections of vitiliginous cutaneous biopsy specimens was investigated through immunohistochemical analysis with the use of HLA-G mAbs: 87G IgG2a specific for HLA-G1 and HLA-G5 and 4H84 IgG1, which recognizes the α-1 domain (pan-HLA-G). Staining with W6/32 IgG2a was used to control the presence of intact HLA class I molecules in different tissues and was positive in all tested tissue biopsy specimens. We detected HLA-G proteins in 3 vitiligo patients. One patient specimen was positively stained by both 87G and 4H84 mAbs and two were positively stained by 4H84 mAb only. Trophoblasts used as positive controls exhibited strong staining with 87G and 4H84 mAbs, and skin biopsy specimens taken from healthy controls were also positively stained by 87G and 4H84 mAb.

Discussion {#sec1-4}
==========

In the skin, the potential role of the HLA system in pigmentation is not yet clarified, it\'s possible role in the pathogenesis of vitiligo as a depigmentation disorder remains unclear. The development of tolerance requires that the immune system utilize several strategies for neutralizing self-reactive T cells. These strategies include deletion,\[[@CIT22]\] anergy,\[[@CIT23]\] and immunoregulatory pathways.\[[@CIT24]\] This study suggests that the expression of HLA-G may be an alternative strategy to downregulate the acute immunoresponse against melanocytes. *In vitro*, soluble HLA-G has been demonstrated to induce apoptosis of activated CD8^+^ T cells\[[@CIT25]\] and to modulate NK\[[@CIT26]\] and allo-CTL response,\[[@CIT27]\] whereas, membrane-bound HLA-G proteins have been shown to inhibit both NK and T cell-mediated cytolysis,\[[@CIT8][@CIT20]\] to suppress the proliferation of allospecific CD4^+^ T lymphocytes,^\[[@CIT28]\]^ and to induce Th2 cytokine profile.\[[@CIT29]\] Interestingly, Graham *and al*., recently demonstrated that soluble HLA-G protein secreted by allo-specific CD4^+^ T cells suppresses the allo-proliferative response.\[[@CIT30]\] In the present study, HLA-G expression was found in 13% of the 22 vitiligo patients. There was no case of extensive vitiligo between HLA-G-positive vitiligo patients. No significant difference between age, race, or sex could be detected between HLA-G-positive and HLA-G-negative patients. Therefore, the expression of HLA-G was likely deactivated during the process of vitiligo. It is possible that the suppression of melanin production deactivates HLA-G transcriptionally through negative feedback, to restore normal pigmentation. In melanocyte graft, HLA-G expression may allow escape from recognition and destruction of the melanocytes by alloreactive T cells. Furthermore, the soluble HLA-G forms, HLA-G5 and HLA-G6, may play an additional role in inhibiting the cytotoxic activity of NK cells.\[[@CIT31]\] Experimentally, numerous factors have been shown to upregulate HLA-G expression, such as IL-10.\[[@CIT32]\] An IL-10-HLA-G autocrine effect may contribute to melanocyte graft tolerance. However, we cannot exclude that HLA-G-positive patients may carry out specific HLA-G alleles associated with high HLA-G production.\[[@CIT33]\] The search for HLA-G expression in vitiligo patients could provide a new understanding of the factors implicated in vitiligo and a new modulation of immunosuppressive therapy in this pathology. For example, the use of soluble forms of HLA-G could contribute to immunosuppression and make it possible to reduce the amount of other immunosuppressive agents (corticoids and immunomodulators). The present study supports the hypothesis that negative HLA-G expression is associated with vitiligo. HLA-G expression seems to minimize active vitiligo. It remains to be understood why some vitiligo patients express HLA-G, whereas, other negative controls didn\'t develop vitiligo.
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